We perform coarse-grained molecular dynamics simulations of the imprinting process of the nano-patterns in a polymer melt that are fixed either by crosslinking or by temperature quench. In our simulations, all particles (beads) making up the master mold patterns, precursor and crosslinked polymers interact through truncated shifted Lennard where r ij is the distance between ith and jth beads with diameter  assumed to be the same for all types of beads in a system, ε LJ is the LJ interaction parameter and r cut is the cutoff distance. By varying the value of the LJ interaction parameter, we can control affinity between different species. Connectivity of the beads into polymer chains and crosslinking bonds are modelled by the FENE bonds. 1 The attractive part of the bond potential is described by the finite extension nonlinear elastic (FENE) potential:
(S.2) ( ) = - with the spring constant K=30k B T/σ 2 and the maximum bond length R 0 =1.5σ. The repulsive part of the bond potential is described by the pure repulsive LJ potential (eq S.1) with  LJ =1.0 k B T (where k B is the Boltzmann constant and T is the absolute temperature) and r cut = 2 1/6 σ.
The system temperature is controlled by coupling system to the Langevin thermostat. The equation of motion of the ith bead coupled with a thermostat has the following form:
where is the velocity of the ith bead, is the net deterministic force acting on the ith ( ) ( ) bead, and  L =0.1 m/τ LJ is the friction coefficient where τ LJ = σ(m/ε LJ ) 1/2 is the standard LJ time.
In our simulations, all beads have the same mass m equal to unity. is the stochastic force ( ) with zero average value and -functional correlations
The velocity-Verlet algorithm with a time step 0.005 is used for integration of equations ′ ) of motion. All simulations are performed using LAMMPS. 2 
Simulations of Transferring Patterns to Polymer Film
In our simulations of the imprinting process we use the following procedure:
Preparation of the negative image of the master mold. A rigid master mold has a shape of a bar with square cross-section of side length H 0 and the bar length L as shown in Figure S1a . The dimensions of the rigid mold used in our simulations are given in Table S1 . The rigid master mold is pressed into the equilibrated polymer film consisting of polymer chains with the degree of polymerization N=32 residing on the rigid substrate made of a monolayer of tethered coarse grained beads. The interaction parameters for polymer-polymer, polymer-substrate, polymermaster mold pairs are listed in Table S2 . In our simulations, we use periodic boundary conditions in x and y directions. The size of the simulation box L x = 40, 60 and 80σ, L y = 80σ.
The precursor polymeric film is equilibrated for 2.0×10 3 τ LJ . After equilibration, the thickness of the polymeric film is equal to H = 38.5σ and has monomer density  = 1.06σ -3 (see Figure S1a ).
To generate a negative master mold image, the substrate is pushed towards the rigid master mold by applying a force f = 1.0 k B T/σ along the z-axis to each bead of the substrate. After achieving a full contact, the master mold-polymeric film system is equilibrated for additional 5.0×10 3 τ LJ .
During these simulation runs the thermostat is only applied to x and y directions. The image of the negative master mold is fixed in polymeric film by cross-linking polymer chains with the FENE bonds shown in Figure S1b . During cross-linking process, chains are randomly crosslinked by the FENE bonds when two beads on chains were within a distance 2 1/6 σ. After each cross-linking reaction, the system is relaxed for 2.5τ LJ . This process is continued until the desired cross-linking density is achieved. Note the chains' ends are excluded from the cross-linking process. After the cross-linking of the polymeric film is complete the rigid master mold is separated from polymeric film with the imprinted negative image. After film separation, it is equilibrated for additional 3.5×10 4 τ LJ . The final configuration of the polymeric film with the imprinted image is shown in Figure S1c . deforming a network at a constant strain rate 5.0×10 -6 τ LJ -1 to the desired deformation. After stretching, a production run lasting 2.5×10 4 τ LJ is performed to obtain the pressure tensor of the 
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system. The stress in uniaxially deformed network is calculated from the pressure tensor P ij as follows:
The shear modulus of the network, , is obtained by fitting the simulation data shown in Figure   S2a to the stress-deformation function for uniaxial network deformation: Figure S2b shows the dependence of shear modulus of the network on the cross-linking density.
The good agreement of the simulation results to the quadratic function indicates a two-regimes behavior of the polymer network on the cross-linking density. 3
Surface Tension: The surface tension of the network (network-air) interface or network-polymer interface is obtained from additional sets of simulations of polymeric networks. In these simulations, each system is equilibrated for 1.0×10 4 τ LJ followed by the production run lasting 1.0×10 4 τ LJ which we use for data analysis. The surface tension, , is calculated using the  following equation
where  is the interface thickness, P N (z) and P T (z) are normal and tangential components of the pressure tensor. Note that the z direction is normal to the interface in our simulations. Figure S4 . Deformation ratio as a function of the cross-linking density for negative mold image (black symbols), for replica fixed by cross-linking (red symbols), and for replica fixed by temperature quench (green symbols) and for different sizes of the master mold patterns H 0 =20σ (squares), H 0 =30σ (spheres), and H 0 =40σ (triangles).
summarizes our results for the surface tension of network interface as a function of the crosslinking density. As the network crosslinking density increasing, the surface tension increases monotonously (see Figure S3a) . The affinity between network and polymer melt influence the surface tension of the interface dramatically, see Figure S3 -b: as the network-melt affinity (ε moldmelt ) decrease, the surface tension of the interface increases significantly.
Simulation Results
Figure S4 summarizes our results for pattern deformation during the replication process. As expected with increasing cross-linking density the normalized deformation H/H 0 monotonically decreases. This should not be surprising since increasing crosslinking density results in a monotonic increase of the network modulus as shown in Figure S2 . It is interesting to point out that in the case of quenching the pattern deformation scales with crosslinking density of the soft (negative) master mold image. This is in agreement with the linear relation between deformation of the soft mold pattern before quench and that of the replica pattern after polymer film quench and pattern relaxation procedure (see Figure S5 ). This indicates that the quality of the pattern produced by quenching procedure is controlled by deformation of the soft mold image during its filling by the polymer melt. Compared with experimental results, the pattern depth for negative mold is deeper than the replica (see Fig. 3k in main text), while temperature quench samples
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show a deeper depth than the negative mold (see Fig. 6C in main text). Our simulation results qualitatively match the experimental observation. We also study the effect of the interaction parameters between soft mold-polymer pairs (see Figure S6) on the pattern quality after the negative mold is filled by melt. By increasing the Figure S6 . Deformation of the soft mold image filled with polymer melt as a function of the cross-linking density, different values of the LJ interaction parameter ε mold-melt =1.5k B T (black symbols), ε mold-melt =1.0k B T (red symbols), and ε mold-melt =0.5k B T (blue symbols) and for different sizes of the master mold patterns H 0 =20σ (squares), H 0 =30σ (spheres) and H 0 =40σ (triangles).
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magnitude of the LJ interaction parameter ε mold-melt , the normalized deformation H/H 0 decreases monotonically. This result confirms the importance of optimization of the mold-melt interfacial energy to achieve a high fidelity of the nanopattern. Figure S7 shows the AFM image of CD pattern and PDMS replica of CD channel pattern with high fidelity, which is similar to the DVD results shown in main text. In Figure S8 , hierarchical pattern combining CD channel pattern and TEM grid pattern is shown. The channel pattern is well formed in both the PDMS hierarchical mold and the PDMS replica. and (C2) are negative imprints of (A1), (B1) and (C1) respectively.
Hierarchical Patterning with CD pattern

